rnii  MiPonT  mai  Btrn  neLlHircD 

AND  ueAPIfb  fOR  PUkLir,  HiLBAIil 

UNDK«  ooD  DmfiCTivi  S200.20  AND 

NO  nf iTfllCTIONS  APK  !HPO»ID  UPON 
If3  use  AND  D;SCL05Uf»K. 

DI.STR(RU1I()N  STAriMNT  A 

APPROVE p FOR  PUILK;  R«LIASE; 
OISTRIIUTION  imUMITIP. 


NOTICE:  WHEN  GOVERNMENT  OR  OTHER  DRAWINGS,  SPECIFICATIONS  OR  CTTHER  DATA 
ARE  USED  FOR  ANY  PURPOSE  OTHER  THAN  IN  CONNECTION  WITH  A DEFINITELY  RELATED 
GOVERNMENT  PROCLTIEMENT  OPERATION,  THE  U.  S,  GOVERNMENT  THEREBY  INCURS 
NO  RESPONSIBILITY,  NOR  ANY  OBLIGATION  WHATSOEVER;  AND  THE  FACT  THAT  THE 
GOVERNMENT  MAY  HAVE  FORMULATED,  FURNISHED,  OR  IN  ANY  WAY  SUPPLIED  THE 
SAID  DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  IS  NOT  TO  BE  REGARDED  BY 
IMPLICATION  OR  OTHERWISE  AS  IN  ANY  MANNER  UCENSING  THE  HOLDER  OR  ANY  OTHER 
PERSON  OR  CORPORATION,  OR  CONVEYING  AN*/  RIGHTS  OR  PERMISSION  TO  MANUFACTURE, 
USE  OR  SELL  ANY  PATENTED  INVENTION  THAT~MAY  IN  ANY  WAY  BE  RELATED  THERETO. 

Reproduced  by 

DOCUMENT  SERVICE  CENTER 

KNOTT  BUILDING,  DAYTON,  2,  OHIO 


ASTIA  FILE  cow 


UNIVERSITY 

DIVISION  OF  ELEC] 

1 

Berkeley! 


CALIFORNIA 

AL  ENGINEERING 
TIFORNIA 


ELECTRONICS  RESEARCH  LABORATORY 


QUARTERLY  PROGRESS  REPORT 
I JULY  1953-30.  SEPTEMBER  1953 


Institute  of  Engineering  Research 

Progress  Report 
Series  No.  60,  Issue  No.  2 


Contracts  Nos.  AF  33(6l6)-495, 
W 33(038)  ac-16649 
N7-onr-29529 


October  15, 1953 


KLBCTRCWICS  RESEARCH  LABCRATOHr 


Division  of  Electrical  Engineering 
University  of  California 
Bericeley,  California 


Quarterly  Progress  Report 
Series  60,  Progress  Report  No.  2 
July  1 - Sept.  30,  1953 


Oct.  15,  1953 


Contracts : 

N7-on3>-29529 
W33(038)  ac-l661*9 
AF33(6l6)-li95 


Prepared  byr 


D.H.  Goodman 


\ .~b 

J.D.  Axtell,  Jr. 


Approved  byr 


I 


PEKSCNNEL 


Administration  t 

J.R.  Hhinnery,  Vice  Chairman, 
Division  of  Electrical  Engineering; 
in  charge  of  the  Electronics  Re- 
search Laboratory 

J.D.  Axtell,  Jr. 

Administrative  Bigineer 

D.H.  Goodman,  Supervising 
Engineer,  Contracts 
AF33(6i6)-U95  and  W3?(038)-acl66h9 


Faculty  Advisory  Comaii  ttee ; 

P.L.  Morton,  Chairman, 
Division  of  Electrical 
Engineering 

S.  Silver + 

D.H.  Sloan 
0.  J.  Smxth 

J.R.  Whinneiy,  Vice  Chair- 
man, Division  of  Electrical 
Engineering 


Research  Staff i 

Faculty! 

D.J.  Angelakos 
L. J.  Black  . 
G.L.  Matthaei 
L.E.  Reukema 
S.  Silver* 
D.H.  Sloan 
J.R.  Whinnery 


Secretaries  t 

A.  Simmons 
V.  Ulrich 


Draftsman  and  Technicians ; 

" Bowman 
^ . 'll.  Kerr 
J.P.  Meade 


Engineers,  Graduate  Students  and 
Undergraduate  Assistants: 

R.  Allison 
■»G.A.  Becker 
R.TT.  Bickmore 
♦P.D.  Qapp 
M.R.  Currie 
♦A.L.  Gardner 
D.H.  Goodman 
G.lHeld 
R.L.  Hess 
C.W.  Hartman 
J.S.  Honda 
W.  Houweling 
J.B.  Humfeld 

G.  Jercmson 

H.  A.  Judy 

Zi  Kaprielian 

G.  Kelley 
W.H.  Kuramer 
If.H.  Uueller 
J.  ISinushian 
R.S.  Nelson 

R.  Plonsey 
A.  Serang 

S.  Solomon 
Q.K.  Tajima 

H.  Unx 
Tf.H.  Watson 
C.R.  White 
S.V.  Yadavalli 


* On  sabbatical  leave 


♦Also  carries  some  technical 
.supervisory  responsibility 


?oi2r.yaj 


During  the  formative  period  of  the  Electronics  BMMKreh 
Laboratory  at  the  University  of  California,  it  was  planned  that, 
as  soon  as  feasible,  a joint  Progress  Report  would  be  issued. 

Thia  is  the  second  such  joint  report.  The  woI^c  described  in  this 
report  is  that  of  tiro  of  the  groups  of  the  Laboratory:  the  Antenna 

Group,  supported  by  the  Office  of  Naval  Research  under  Contract 
Number  N7-onr-29529,  and  the  Idcrowave  Tube  Group,  siqiported  by 
the  Wright  Air  Development  Center  under  Contracts  W33(038)-ac 
I661i9  and  AF33(6l6)-l:95.  It  is  plaraied  that  future  reports  will 
include  non-contract  sponsored  research  studies  also  being  carried 
on  in  the  laboratory.  To  those  who  have  received  reports  from  either 
of  these  groups  in  the  past,  it  should  be  pointed  out  that  a continuity 
of  con+«nt  of  the  Progress  Report  material  exists,  but  it  was  necessary  to 
change  the  numbering  system.  All  reports  will  now  be  issued  as  E R.L. 
reports.  Series  No.  60,  with  Progress  Reports  starting  with  Number  1 and 
Technical  Repoits  stajrfcing  with  Number  100. 
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I,  BEAM  TYPE  mCRCWAVE  TUBES 


Contract  Nui^sers 
Tr33(030)-ac-l66U9 
m3\6l6)-h9^ 


Prof.  J,R.  Ihinneiy 
CF.  A.  Becker 

If.  R.  Currie 

R.  Ii.  Hess 


S.  S.  Solomon 
Jt.  H.  Watson 
3.  V.  Yadavalli 


1.1  Backeard-Wave  Interaction  Studies 

The  investigation  initially  concerned  itself  with  the  tape  helix 

as  a periodic  propagating  structure.  In  particular,  its  suitability  as 

a circuit  for  the  backward  wave  oscillator  (B.W. 0. ) was  examined.  Based 

on  the  work  of  Sensii>er^^^,  calculations  of  the  impedance  characteristics 

(2) 

of  the  principal  backward  wave  harmonic  were  made'  , and  it  was  con- 
cluded that  the  tape  helix  is  an  excellent  interaction  circuit  for  the 
B.W.O.  if  the  helix  and  electron  beam  are  suitably  designed. 

A design,  based  on  these  calculations,  was  worked  out  in  the  first 
quarter  of  this  year.  The  tube  was  constructed  and  placed  into  operation 
in  the  second  quarter.  Results  of  initial  tests  were  described  in  the 
last  progress  report.  A moding  phenomenon  occurred  in  the  transition 
from  the  anqjlifying  to  the  oscillating  regimes,  and  it  was  felt  that 
this  was  caused  primarily  by  poor  matching  conditions  at  the  transition 
between  the  helical  and  coaxial  transmission  lines.  Therefore  it  was 
decided  to  study  the  matching  problem  more  closely  before  proceedb'.ng 
with  an  aocumulation  of  more  data  on  the  operating  characteristics  of 
the  tube  itself. 

Baring  the  last  quarter,  considerable  effort  has  been  expended  in 
improving  the  coaxial-helix  transition.  For  helices  of  moderate  size 
the  concept  of  gradual  trarisition  from  coaxial  to  strip  transmission 

n Sensiper,  S. , "Electromagnetic  Wave  Propagation  on  Helical 
Conductors",  Ph.D.  Dissertation,  MIT.,  1951. 

2-  Currie,  M.R. , "Tfotes  on  the  Impedance  Characteristics  of  Modes 
on  Helix",  Unpublished  Report,  E.R.L.,  University  of  California. 


line  has  been  found  exceedingly  usefu  in  designing  satisfactory’-  match- 
ing sections.’  For  helices  in  air  on  the  test  bench,  voltage  s-tanding 
wave  ratios  less  than  1.5  over  a three  to  o.i£  frequency  bandwidth  have 
been  ob-tained. 

In  practice,  the  transition  must  be  made  through  glass  and  the 
coaxial  line  must  be  sharply  bent  so  that  it  can  come  out  of  the 
focussing  solenoid.  These  factors  con5>licate  the  design  problem  and 
reduce  the  quality  of  the  ma-tch.  However,  a good  match  (700-21CX)Mc) 
has  been  developed  by  bringing  the  helix  out  tangential  to  the  glass 
envelope  and  using  a flat  glass  bead  to  seal  in  the  tungsten  lead. 

This  arrangement  is  being  ruggedized  at  the  present  time  and  will 
probably  be  employed  in  the  modified  design  of  the  B.If.O. 

A new  tape  helix  using  molybdenum  has  been  wound  and  will  be  built 
into  the  modified  B.W.O.  design.  The  tube  will  be  operated  at  lower 
values  of  (ka)  thaa  was  the  original  tube  in  older  to  take  advantage 
of  good  matching  below  (ka)  ■ O.li  and  so  that  a somewhat  smaller  range 
of  beam  voltage  will  be  required  for  a given  bandwid-th.  Universal 
helix-design  curves  have  been  constructed  and  the  data  furnished  by 
the  modified  tube  will  check  the  curves  over  a new  range. 

In  addition  to  -the  effort  described  thus  far,  -the  backward  wave 
interaction  study  is  proceeding  along  two  other  lines: 

Tirst,  the  question  of  in-teraction  with  a transverse  ra-ther  than 
a longitudinal  r.f.  field  is  being  considered.  Until  now,  strong 
magnetic  focussing  fields  have  been  used  with  backward  wave  oscillators 
so  that  motion  of  the  beam  in  the  transverse  direction  is  greatly  in- 
hibited. Hovrever,  it  is  anticipa-ted  that  effort  in  the  future  will  be 
directed  towards  minimizing  the  focussing  field  with  its  weight,  power 
requirements,  etc.  Therefore  it  becomes  pertinent  to  investigate  intej?- 
action  wi-th  transverse  fields  and  hew  it  affectr  B.W.O.  operation.  Some 
calculations  have  shown  that,  for  a helical  interaction  structure  and 
in  the  ranges  of  parame-ters  usually  encountered,  the  transverse  field 
can  become  comparable  wi-th  the  longitudinal  field.  It  is  apparent 
that  an  analysis  which  -takes  into  account  both  interactions  simul- 
•taneously  (with  a finite  magnetic  field)  will  be  extremely  compli- 
cated. Thus,  it  has  been  decided  to  atten^jt  to  maximize  transverse 
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interaction  and  study  its  dependence  on  magnetic  field.  Pierce 
has  considered  the  question  briefly  for  forirard  wave  amplifiers^ 
and  it  is  felt  that  application  to  the  case  of  backward  wave  in- 
teraction will  yield  sim^ile  results.  Purthermore,  a tentative 
design  is  being  considered  for  a transverae-field  B.W.O.  The  contem- 
plated interaction  structure  is  a tape  helix  concentric  . with  a 
conducting  rod.  Approximate  calculations  are  being  started  to  deteiv 
mine  what  transverse-field  iapedances  can  be  expected  for  such  a ciiv 
cuit.  If  these  calculations  look  optimicbic,  an  experimental  tube 
will  be  constructed. 

Another  phase  of  the  general  investigation  is  being  devoted  to  a 
study  of  backward  wave  interaction  with  an  initial  current  and/or 
velocity  modulation  of  the  electron  beam.  Hore  specifically,  the  use 
of  a backward  wave  circuit  as  a signal  launcher  and  as  a catcher  is 
being  considered.  It  i s felt  that  such  a study  will  lead  to  results 
of  interest  to  workers  in  this  general  field  and  could  lead  to  applica- 
tion in  special  voltage-tunable  aaqjlifiers. 


1I.H.  Carrie 


1.2  Sbace  Charge  Waves  in  a Finite  Magnetic  Field 

A two  dimensional  study  of  space  charge  waves  in  the  presence 
of  two  mutually  perpendicular  unifonn  electric  and  magnetic  fields 
K and  H respectively  such  that  E » uw  H has  been  outlined  in 

O O 0 0 0 

previous  reports.  The  di.fferential  equations  derived  previously  have 
been  solved  by  treating  the  special  case  when  a sheet  beam  of  electrons 
extends  to  a height'^b*' in  a region  bounded  at  a height*a“by  the  slow  wave 
structure  formed  by  slitting  the  infinite  plahe  conductors  with  mary 
parallel  cuts,  making  an  angle^-^  - ©j  with  the  direction  of  propagation 
as  shown  in  Fig.  1.  • The  two  following  probl.ems  are  considered: 

(a)  Uniform  electric  field  along  the  x axis  and  all  derivatives  with 
respect  to  the  x axis  are  made  zero: 

3^  Pierce,  J.R. , "Traveling  Wave  Tubes",  D.  Van  Nostrand  Co., 

Inc.,  New  York,  1930. 
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In  this  case  it  can  be  easily  saown  that  when  the  d^-c  beam  velocity 

V is  much  smaller  than  the  velocity  of  light  then  the  coupling  between 

” 2 ’ 2 
the  TE  and  Hi  modes  is  of  the  order  of  c and  therefore  may  be 

neglected.  Wh<^  this  is  done  it  can  be  shown,  ne^ecting  a quantity  of 

the  order  of  -s-,  that  this  case  reduces  to  that  of  a beam  in  the  presence 
c^ 

of  a longitudinal  finite  focussing  magnetic  field. 

(b)  Uniform  electric  field  along  the  i axis  and  all  derivatives  with 
respect  to  the  y coordinate  are  made  zerot  ¥e  regret  that  an  error 
occurred  in  a boundary  value  solution  of  this  problem  described  in  a 
previous  report.  Actually  in  this  case  which  is  the  basic  model  of 
the  magnetron  aa^)lifier,  the  TE  and  TM  modes  separate.  The  gain  is 
obtained  when  the  beam  velocity  is  much  smaller  then  the  velocity  of 
light  from  interaction  between  the  transverse  component  of  the  TM 
mode  and  the  beam.  The  TE  and  TM  modes  are  coupled  at  the  circuit. 

The  amount  o f the  gain  is  found  to  be  given  very  approximately,  when 
the  uniform  magnetic  fiei.d  is  large  enough  and  the  beam  fills  the 
space  up  to  a heighfa'in  Jig.  1,  > by  the  following  expi'ession: 


- 1|  - 


whera 


n^pers/meter 


= = plasma  frequency 


uHq6 

“o  - — = cyclotron  froqusncy 


to  =.  operating  frequency 


Vq  = electron  velocity 


This  amount  of  gain  is  seen  to  be  somewbat  less  than  that  obtained 
frcm  the  conventional  traveling  wave  tube  which  xs  known  to  have  a 
gain  given  by:  ^ / \ 4- 


- 2^  nepers/meter 

4 Vo  \ £0// 


On  tne  experimental  aide  a d-c  model  for  the  contemplated 
magnetron  traveling  wave  anqjlifier  has  been  built  and  is  undergoing 
tests  to  determine  d-c  beam  transmission.  Also  a zigzag  plane 
striacturo  as  described  in  a previous  report  suitable  for  a cold  test 
has  been  built  successfully  using  photo-etching  techniques.  Trcm 
our  model  we  could  ascertain  that  the  relative  field  strengih  remains 
fairly  constant  along  the  width  of  the  zigzag  structure.  The  same  is 
true  of  the  phase  velocity  up  to  frequencies  where  the  width  of  the 
structure  becomes  of  the  order  of  a quarter  wave  length  at  the  operat- 
ing frequency. 

If  the  d-c  beam  tests  are  successful,  the  zigzag  circuit  will  be 
placed  in  the  tube  to  make  the  contemplated  traveling  wave  magnetron. 

On  the  theoretical  side  we  are  to  investigate  the  possibiliiy  of  grow- 
ing backward  waves  in  the  magnetron  traveling  wave  tube  using  our  method 
of  analysis  as  an  approach  to  the  investigation. 

S'.  Solomon 
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1.3  Helix 


sdance  Ifeastirements 


The  objeni  cf  this  investigatian  is  to  study  the  impedance  characteiv 
istics  of  a junction  between  a coaxial  and  a helical  transmission  line.  In 
particular,  it  is  desired  to  define  a suitable  characteristic  inpedance  for 
the  helix,  and  to  detemiine  the  effect  of  the  helix  and  junction  parameters 
upon  the  input  impedance  as  seen  by  the  coaxial  line.  The  primaiy  interest 
is  with  right  angle  transitions  from  a coaxial  line  to  a helix  with  an  ex- 
ternal shield.  This  type  of  transition  is  of  ioportance  due  to  its  applica- 
tions in  traveling  wave  tubes. 

As  a first  approach  to  this  problem,  it  was  decided  to  deteimine  an 
equiveilent  circuit  f<  r the  discontinuity  in  the  fields  at  the  junction  of 
the  two  lines.  During  the  last  quarter  considerable  time  was  spent  in  work- 
ing out  a satisfactory  method  of  deteimlning  this  equivalent  circuit.  The 
most  satisfactory  method  was  found  to  be  one  ■rfiich  was  outlined  by  Storer, 
Sheingold  ‘and  Stein.^  Using  this  method,  the  input  impedance  is  measured 
as  a function  of  the  position  of  a movable  short  in  the  output  line.  Then, 
by  a graphical  analysis,  we  are  able  to  determine  the  scattering  matrix  of 
the  junction,  where 


The  experimental  setup  used  is  shown  in  Fig.  1.  The  shorting  medium 

used  was  mercury,  and  the  position  of  the  short  was  moved  by  raising  or 

lowering  a vertical  traverse  system.  The  input  impedance  was  measured  by 

use  of  WSWR  and  phase  measurements  made  on  a slotted  line. 

The  scattering  matrix,  as  determined  by  a graphical  analysis  of  the 

experimental  data,  is  trar^iferred  to  the  reference  terminals  T-j^  and  Tg  by 

use  of  the  suitable  phase  factor.  The  impedance  matrix  can  be  obtained  from 

the  expression.  ^ ^ 

Where  Sq,  and  ll, 

\ ««  Oie  cliaracte: 

h2j  - VK  " A”  ^7  Istic  inpedances 


Where  and  *02 
are  the  character- 


istic  inpedances  of 
the  input  and  output 
lines  2‘espectively. 


Storer,  Sheingold  and  Stein,  "A  Sinple  Graphlceil  Analysis  of  a Two  Port 
Waveguide  Junction",  ?roc«  I.R.E.  Vol.  I4I,  No.  8,  pp.  IOOI1-IOI3,  AUg.  19p3» 
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System 


Top  View 


Fig.  1 


Having  the  inpedance  matrix,  we  are  able  to  construct  the  e<piivalent  circuit 
for  the  discontinuity  at  the  junction  as  shown 


Q~~j^ir  ^ 


Fig.  2 


It  is  proposed  to  determine  this  equivalent  circuit  for  various  helix  and 
junction  dimensions  in  the  L and  S band  of  frequencies.  It  is  felt  that 
an  analysis  of  the  variation  in  this  aqiaivalent  circuit,  as  a function  of 
the  various  parameters,  will  lead  to  a better  understanding  of  this  type  of 
junction. 

In  the  future,  it  is  proposed  to  investigate  the  effect  of  a surface 
modification  of  the  input  circuit.  This  modification  would  possibly  take  the 


fortn  of  a thin  dielectric  coating  on  the  center  conductor  of  the  coa3d.al  line^ 
in  the  region  of  the  discontinuity.^ 


-!(-  ■ 
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7.H.  Watson 


l.U  large  Signal  Study 


For  experimental  study  of  large-signal  phenomena  in  traveling 'wave  inter- 
action it  would  be  convenient  to  have  a tube  in  which  the  traveling  wave  circuit 
was  external  to  the  vacuum  envelope  enclosing  the  electron  beam^  thereby  facili- 
tating measurements  and  changes  in  design.  This  arrangement  would  entail  the 
interposition  of  a glass  wall  between  the  beam  and  circuit  jmd  a means  for 
draining  accumulated  electron  charge  fran  the  internal  wall  of  the  tube.  A 
conductive  coating  sufficient  for  this  purpose,  however,  must  not  conpletely 
short  out  Interaction  between  the  beam  and  circuit.  A coating  of  perhaps  a 
few  thousand  ohms  per  square  appears  desirable.  S^riments  have  'tfiown  that 
metallic  coatings  of  oxidized  stannous  chloride  can  be  applied  to  the  Inside 
wall  of  glass  tubing  to  give  this  conductivity. 

A series  of  experiments  is  planned  in  order  to  observe  the  effect  of  the 
glass  envelope  on  traveling>frave  amplification.  A ser;  nslix-type  tubes 

is  being  fabricated,  each  with  the  same  helix  dimensions,  but  with  the  coated 
or  uncoated  glass  envelope  placed  at  various  positions  inside  and  outside  the 
cii*cuit.  It  is  hoped  in  :this  way  to  determine  the  feasibility  of  obtaining 
useful  experiaental  information  from  tubes  with  external  circuits. 

R.L.  Hess 


1,5  Electron  Beam  Focusing  Studies 

The  possibility  of  using  electrostatic  focusing  in  beam  type  tubes  is 
being  investigated.  In  particular  consideration  is  being  given  to  the 
possibility  of  using  the  lenses  formed  by  the  drift  tubes  of  a *veloci-ty- 
jiTmpW  amplifier  to  focus  the  electi*on  beam. 

W.U.  ttaeller 


i; — T.E,  feoberts  ir.'T^kn  Experimental  Investigation  of  the  Single  Wire 

line".  Cruft  Lab,  Harvard  Univ.,  Technical  Hept.  No.  139,  Feb.  1,1952. 
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1»6  Noise  In  Electron  Streams  and  7acu»Tn  Tubes 

Since  Dr.  YadavaUi  has  left  this  laboratoiy  for  work  at  the  General  Electric 
Canpany,  it  seems  desirable  to  summarize  the  pinrposes  and  results  of  the  noise 
studies  undertaken  here  for  the  last  two  years.  Convection  current  noise  in 
an  accelerated  electron  stream  was  measured  at  large  transit  angles  by  means 
of  a model  in  which  transit  angles  up  to  Iiir  radians  could  be  obtained  at  a 
relatively  lew  frequency  (70  Kc/sec.)  to  simplify  measurement  of  noise.  The 
beam  wrs  about  1/k  inch  in  diameter  and  was  focussed  by  Pierce- type  electrodes. 
Noise  convection  current  was  sampled  by  means  of  closely  spaced  grids  at  a 
fixed  position  along  the  stream,  and  transit  angle  was  varied  primarily  by 
changing  the  beam  potential,  though  checks  of  points  were  made  both  at  35  and 
70  Ifc/sec. 

The  absolute  measurement  of  noise  shoired  good  agreement  ft  low  i^ransit 
angles  with  the  space-charge  reduced  shot  noise  calculated  for  the  stream.  At 
larger  transit  angles,  the  noise  current  increased,  following  the  cui^e  calcu- 
lated from  the  single-valued  velocity  theory  of  Back  and  Peterson  closely,  but 
was  about  2 decibels  below  the  calculated  curve  up  to  largest  transit  angle 
taken,  lin  radians.  The  last  six  months  have  been  spent  in  attempting  to  ex- 
plain the  rather  small  difference.  One  possibility  is  that  it  is  due  to  the 
actual  mtiltivalued  characteristic  of  the  noise,  and  an  integral  equation 
governing  noise  in  an  accelerated  stream  was  developed,  but  so  far  it  has  been 
possible  to  solve  it  only  for  special  cases.  Another  good  possibility  is  that 
the  difference  comes  from  the  finite  diameter  of  the  beam,  as  the  comparison 
was  with  the  theory  fkr*  region  of  infinite  width.  Step-by-stsp  calciilations 
were  then  made,  considering  the  finite  beam  diameter  by  means  of  an  effective 
plasma  frequency,  and  better  agreement  was  obtained  in  the  long  transit-time 
region,  but  worse  in  the  short  transit-time  region,  A thirl  possibility  is 
that  the  decrease  in  noise  comes  from  a divergence  of  the  beam,  since  such  a 
divergence  has  been  shewn  to  decrease  noise  convection  current.  Other  possi- 
bilities have  been  considered  but  not  analyzed. 

Measurements  were  made  with  the  first  grid  both  negative  and  positive, 
and  agreement  between  the  two,  accounting  for  the  partition  noise  in  the  posi- 
tive grid  case, was  excellent.  Statistical  theory  was  also  applied  to  study 
the  correlation  between  velocity  and  current  fluctuations  in  a beam,  and  it 
was  concluded  that  the  two  are  uncorrelated  at  the  cathode,  but  may  have 
cross-correlation  terms  through  the  action  at  the  potential  minimum  at  large 
transit  angles.  Recent  measurements  have  also  been  made  on  a tube  with  a 
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drift  region  following  the  accelerating  region,  but  inteipretations  of  these 
results  were  not  con^leted. 

The  noise  woric  will  be  suspended  until  another  graduate  student  is 
found  who  wishes  to  work  in  this  field.  More  details  on  all  of  the  above 
are  contained  in  the  following  reports  and  papers  prepared  by  S.  V.  Tadavalll 
which  have  been  presented  at  technical  society  meetings  or  have  been  accept- 
ed for  publication  in  scientific  joumalst 

■Tube  Noise  Under  Large  Transit  Time  Condition.* 

ELectronics  Research  Laboratory  Report  Series  §l.y  Issue  i^l 
■On  the  Correlation  between  Velocity  and  Current  Fluctuation  in  Shot  Noise.* 
ELectronics  Research  Laboratory  Report  Series  #1,  Issue  #6ii 
■On  Some  Eflects  of  Velocity  Distribution  is  Electron  Streams.* 

Accepted  for  Publication  in  Quarterly  of  Applied  Ifathematics. 

■Tube  Noise  Under  Large  Transit  Time  Conditions.* 

Accepted  for  publication  in  .Tonmal  of  Applied  Fhysics^ 

■Convection  Current  Noise  in  Accelerated  Regions-Theoretical  andKxperi- 
mental  Results.* 

Presented  at  Conference  on  Electron  Tubes,  Stanford  University, 

June  20,  1953. 

■Convection  Current  Noise  - Theory  and  E^qperiment.* 

Presented  at  I.  R.  E.  Western  Convention,  August  19,  1953. 
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HI(m  POIEB  MICROK&VE  TUEB3 


Contract  Kumbars 
l33(038)ao-l66U9 
AF33(6l6)-l55 


Prof.  D.H.  Sloan  ir.U.  Iftieller 

A«L.  Qaidner  TTm.  Houweling 

S.H.  Gk)odman 


2.1  Kxiel  S-7  10»7  Cto»  Resnatron 

Foorth  Assembly 

At  the  time  of  the  prerlous  report  a new  cathode  riiig  had  been  mounted 
and  the  new  grid  consisting  of  li80  radial  wires  was  nearing  ccopletion.  Be- 
fore final  assembly  a special  fixture  was  made  in  which  the  mounted  annular 
cathode  ring  could  be  firmly  siqpported  in  order  to  allow  a finishing  cut  to 
be  taken  on  its  sxirface.  Prior  to  this  operation  the  cathode  ring  was  strain- 
relieved  by  running  it  at  operating  temperatures  in  a vacuum.  This  technique 
considerably  reduced  the  tolerance  within  which  the  grid-cathode  spacing 
could  be  held. 

During  the  bakeout  following  the  third  ascoably  of  the  tube  two  cracks 
developed  in  the  glass  envelope.  They  were  readily  sealed  with  glyptal 
and  no  inconvenience  resulted  at  that  time.  When  the  tube  was  being  bolted 
together  at  the  time  of  the  final  fourth  assembly,  however,  one  crack  opened 
much  wider  and  extended  itself.  Although  a bakeout  was  subsequently  complet- 
ed and  a good  vacuum  was  obtained,  adequate  tests  to  evaluate  the  grid  per- 
formance were  prevented  by  two  factors* 

a)  the  emission  rapidly  diminished,  presumably  as  a result  of  poison- 
ing by  products  released  from  traces  of  glyptal  present  during  bakeout  and 

b)  traces  of  carbon  in  the  crack  provided  a leakage  path  that  caused 
sparking  when  the  anode  voltage  was  greater  than  about  half  its  rated  value. 

Rather  than  spend  effort  to  put  new  glass  on  the  original  anode  it  was 
considered  advisable  to  await  the  coc^sletion  of  the  new  anode  which  was  de- 
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scribed  in  the  previous  report.  Besides  the  inproved  electrical  features  this 
anode  assembly  is  constructed  to  give  the  glass  envelope  more  protection  a- 
gaj.nst  differential  expansion  or  mechanical  distortion  of  the  metal  flanges 
between  which  the  copper  gasket  is  clasped.  This  constructicxi  is  now  nearing 
ccnpletion. 

A.L.  Gardner 

2.2  Field  Bnlesion  Tube 

The  field  emission  tube  is  designed  to  investigate  the  possibility  of 
obtaining  a density  modulated  electron  stream  by  controlling  the  number  of 
electrons  actually  leaving  the  metal  eathodo,  rather  than  realizing  the  modu- 
lation through  a velocity  modulation  and  a drift  region  or  by  control  of  a 
space  charge.  Due  to  the  exponential  nature  of  the  field  emission  it  may 
be  possible  to  achieve  rathe?  large  ratios  of  electron  densities  along  the 
stream. 

During  the  past  quarter,  in  order  to  facilitate  r-f  measurements  on  this 
tube,  a second  pick-up  loop  was  installed  in  the  tube.  Prior  to  making  any 
i-f  measurements,  it  was  felt  that  some  of  the  d-c  characteristics  of  the 
emlttei  should  be  known.  Figure  1 is  typical  of  the  emission  characteristics 
that  are  obtained  from  a field  emitter. 

As  a result  of  the  fairly  reproducible  and  reliable  omission  that  has 
been  obtained  from  the  emitter  in  this  tube  under  these  d-c  conditions  it 
was  felt  that  it  would  be  expedient  at  this  point  to  make  some  r-f  moasure— 
ments,  althou^  the  levels  of  pwrer  that  are  to  be  expected  are  extremely 
low.  An  attempt  was  made  to  measure  the  change  in  output  as  a function  of 
anode  current  oy  measuring  the  power  transferred  through  the  tube  into  a 
bolometer  bridge.  Since  this  requires  the  meaeureaent  of  a very  small 
change  of  a fairly  large  quantity,  it  was  not  possible  to  obtain  conclusive 
results  in  this  manner-.  As  an  alternative,  a system  is  being  devised  where- 
by the  d-c  voltage  which  is  applied  to  the  tube  will  be  modulated  by  a 
squaws  wave,  and  the  •d-c"  ccnponent  of  the  r-1  which  is  transmitted  •^»'rough 
the  cavity  with  no  modulation  will  be  eliminated  from  the  detection  system. 

In  this  way  only  the  change  in  output  will  be  measured  since  it  occurs  at  a 
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knowD  periodic  rate.  This  ulll  alloir  the  use  of  high  gain  amplifiers  and 
should  permit  the  detection  of  quite  Bmall  interactions. 

A schematic  of  the  system  to  be  employed  in  these  measurements  is  shoim 
in  figure  2.  This  equipment  is  nor  essentially  cooplete,  and  during  the  next 
quarter  further  measurenients  mill  be  made  using  this  new  system.  As  soon 
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as  the  information  available  from  this  lype  of  detection  system  is  exhausted, 
pulse  type  measurements  -will  be  made.  The  use  of  pulse  techniques  has  been 
postponed  due  to  the  possibility  of  arc  formation  and  the  resulting  destruc- 
tion of  the  emitter. 


r.H.  Goodman 
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III.  mOH  DHISITI  CATHCDE  STU3IES 


Contract  Rombers 
AF33(03o)-ao-l66U9 
AT33(616)-495 


Prof.  D.H.  Sloan 
R.S.  Nelson 
C.R.  Vhlte 


3*1  Arc-Cathode  Studies 


The  tin— arc  "twhe  has  been  operated  successfully  for  a total  of  U6  hours 
■with  a design  of  electrodes  'that  returns  condensed  me'bal  vapor  directly  to 
"the  acti've  area  of  the  cathode  pool.  A cylinder  of  vycor  glass,  2 Indies  in- 
side diame'ter,  acts  as  an  insulating  perimeter  for  "the  hot  spot  on  the  surface 
of  the  cathode  and  acts  as  a re'taining  ■wall  for  'the  vapor  and  condensate.  At 
■the  end  of  the  series  cf  runs  the  electrodes  and  ■vycor  ^ass  shcmed  no  nctice- 
able  de"terio  ration. 

onAog«  18»  1953  the  first  eaperimen'tif 'were  conducted  to  extract  elec- 
trons from  ■the  arc-discharge  region  in'to  the  hi^  vacuum  region.  A hole 
drilled  into  the  side  wall  of  the  arc-discharge  anode  -was  used  to  form  the 
area  fron  which  electrons  could  be  extracted.  A plate  of  molybdenum  rsis 
used  as  an  anode  for  the  first  trials;  la'ter  a graphi-te  <^ode  of  a more  con- 
venient shape  ■was  substitu'ted.  With  application  of  plate  voltages  as  high  as 
13  kv.  d-c  current  densi'ties  of  0.8  ampsercs/cm^  were  ob-tained  from  a l/k- 
inch  extraction  hole  'wi'th  an  arc-discharge  anode  current  of  U5  amperes.  In 
order  'to  ob'tain  a larger  cathode  area  and  increase  the  number  of  electrons 
passing  into  the  high  vacuum  region,  additional  holes  will  be  placed  in  the 
arc-discharge  anode.  Increased  values  of  arc  current  are  capable  of  increas- 
ing -the  densi'ty  of  electrons  available;  other  design  refinements  are  also  ex- 
pected to  increase  -the  available  electron  supply.  A "water  cooled  anode  is 
being  ins'talled  to  provide  suitable  heat  dissipation. 

A second  graphite  electrode  was  placed  be'tween  'the  first  graphi"te  anode 
and  the  extraction  hole,  liie  new  s'tructure  con'tained  a hole  -to  pass  electrons 
and  acted  as  a control  grid.  This  triode,  using  an  arc-cathode,  was  connec-t- 
ed  as  a shun-t-fed  Hartley  oscilla-tor  a. id  con-tinuous  oscillations  •were  ob'tained 
at  the  tank-circuit  frequency  of  6.2  me.  R-f  power  capable  of  exciting  a UO- 
watt  florescent  lamp  when  held  within  a foot  of  the  -tank  coil  -was  obta-^ned 
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idth  200  iratts  of  input  poirer  (approxisately  30ma.at  6.8  kv).  Because  of  the 
high  current  density  at  the  anode,  water  cooling  will  facilitate  higher 
voltage  operation. 


T.E.  Bomaan 
C.E.  White 


-16- 


IV.  SLOT  ANTENNAS 


Contract  Number 
N7-onr-29529 

Prof.  L.  J.  Black  R.  W.  Bickmore 

Prof.  L.  E.  Reukema  G.  K.  Tajima 

U.l  Resonant  Circular  Slots  in  Plane  Surfaces 

Summary  of  Previous  Woric 

This  problem,  irhich  consisted  of  an  analytical  determination  of  the 
distribution,  amplitude  and  phase  of  the  electric  field  in  a concentric 
array  of  annular  slots  necessary  to  produce  a specified  far-zone  space 
pattern,  has  been  completed. 

Included  in  the  study  were  various  methods  of  producing  the  required 
excitation  in  the  slots,  once  this  excitation  has  been  theoretically 
determined.  Tre  metiiods  considered  include  circular  waveguide  excitation, 
TE^  cavity  excitation  (by  means  of  probes)  and  excitation  by  means  of 
selective  dielectric  filling  of  a coaxial  line. 

Experimental  antenr^c  which  hvive  bean  built  and  tested  are ; 

1)  Circular  pencil-beam  broadside  array  linearly  polarized. 

2)  Circular  pencil-beam  broadside  array  circularly  polarized. 

3)  Quasi-isotropic  radiator  with  phase  equal  to  azimuthal  angle. 

li)  Cardioid  pattern  radiator. 

5)  Equivalent  annular  slot  array  of  a linear  "binomial"  array. 

Current  ffork 

During  the  present  quarter,  a report  has  been  prepared  covering  in 
detail  the  entire  study  outlined  above.  This  report  is  nearly  ready  to 
issue. 


R.  nr.  Bickmore 
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^•2  Non-Hesonant  Circular  Slots  in  Various  Ground  Plane  Shapes 


Summary  of  Previ  ous  TToric 

The  principal  problem  in  this  study  is  the  determination  of  the 
admittance  characteristics  of  circular  slot  antennas  in  conducting  surfaces 
of  various  forms. 

The  admittance  of  a circular  slot  on  a spherical  surface  has  been 
measured,  using  a hemispher  17  cm.  in  diameter,  over  a frequency  range 
from  300  to  1^00  me.  Two  methods  of  measuiement  were  used.  For  the  upper 
part  of  the  frequency  range,  the  measurement  of  the  admittance  -was  made 
in  the  radially-directed  biconical  line  leading  to  the  slot,  by  the  use  of 
a fixed  probe.  The  SHIR  was  obtained  from  this  probe  by  using  a Chipman 
line  as  a variable  reactance  termination  on  the  input  end  (at  the  axis  of 
rotational  symmetry) of  the  biconical  line.  The  position  of  the  voltage 
minimum  was  fotind  by  varying  the  frequency,  causing  the  voltage  minimum 
to  be  swept  past  the  probe  position.  The  signal  may  be  fed  into  the  system 
almost  anywhere,  but  most  conveniently  at  the  shorted  end  of  che  Chipman 
line.  The  results  so  obtained  are  free  of  the  effects  of  rapid  admittance 
changes.  For  the  lower  frequencies,  it  was  necessary  to  use  the  Chipman 
line  in  the  conventional  manner.  The  measured  results  agree ikirly  well 
with  the  computed  admittance,  with  the  first  method  yielding  superior  re- 
sults. 

The  formal  solution  for  the  admittance  of  a biconical  horn  has  been 
obtained  by  a mode  expansion  method. 

Ifeasurements  have  been  made  on  the  junction  between  a coaxial  line 
and  a radial  line.  An  equivalent  circuit  representation  of  the  junction 
was  developed  which  reduced  the  usual  three  unknown  parameters  to  two, 
even  thou^  the  junction  was  non-symmetrical,  by  proper  choice  of  the  in- 
put terminal  position.  This  information  was  required  for  the  measurements 
on  the  circular-disk  antenna. 

Current  Work 

An  alternative  solution  for  the  admittance  of  a biconical  horn  was 
obtained  by  means  of  a variational  principle.  The  results  have  a form  in 
which  the  admittance  can  be  decomposed  into  two  parts;  an  admittance  of 
the  biconical  horn  with  a spherical  cap  (i.e.,  the  spherical  antenna),  plus 
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a correction  term  due  to  the  removal  of  the  spherical  cap.  Since  the 
spherical  antenna  admittance  has  been  computed  and  measured  previously, 
there  remains  only  the  task  of  computing  the  correction  term.  This 
can5>utation  is  partially  completed.  However,  sufficiently-rapid  con- 
vergence is  not  yet  assured  for  all  values  of  the  parameters.  A cone  is 
being  constructed  for  use  in  making  measurements  on  the  biconical  horn. 

The  equivalent-circuit  constants  of  the  junction  between  the  coaxial 
and  radial  lines  have  been  computed  from  the  measurements.  It  appears 
highly  desirable  to  obtain  these  constants  by  a theoretical  method. 

Measurements  were  made  of  the  admittance  of  a circular  plate  parallel 
to  a ground  plane,  and  fed  at  the  center  of  the  plate.  The  admittance  re- 
ferred to  the  periphery  of  the  plate  was  obtained  and  ccnparison  was  made 
with  the  results  of  several  approximately  similar  forms  of  antennas.  The 
theoretical  admittance  is  to  be  obtained  by  a perturbation  of  the  results 
obtained  for  the  biconical  horn. 

C.  K.  Tajima 


V,  UULTUIODE  STUDIES 

Contract  Number 
N7-onr-29529 

Prof.  S.  Silvers 
Prof.  J.  R.  Ihinnery 
G.  Held 
¥.  H.  Eummer 

5.1  Iftiltl-Mode  Excited  Slots 

Smnnary  of  Previoas  Woric 

This  is  a study  of  narrcnr  half-^rave  slots  at  various  positions  in  the 
•wall  of  rectangular  -waveguide  -which  supports  ftree  propagation  of  the  TB^ 
and  T^q  modes.  Instrumen-ta-tion  has  been  a large  i>art  of  the  research,  and 
means  ha-ve  been  developed  for  -the  generation,  detection,  and  measurement  of 
the  separa-te  modes  in  -the  -waveguide. 

The  impedance  asad  mode-coupling  characteristics  of  longitudinal  and 
transverse  half-erave  slots  in  the  broad  face  of  the  -waveguide  have  been  in- 
ves-tiga-ted,  at  cons-tant  frequency,  as  a function  of  slot  posi-tion  and  of 
slot  -width.  The  properties  of  single  slots  ha-ve  been  used  as  a basis  for 
the  design  of  simple  arrays. 

The  ejqperimen-tal  setup  for  meastiring  slot  patterns  -was  designed  so  that 
the  twoHBode  waveguide  suffered  no  discontinuities  or  bends.  All  -the  pa-t- 
-tems  for  the  single  slot  at  different  positions  had  identical  envelopes, 
the  ampli-tudes  being  different  due  to  different  coupling  be-tween  guide  modes 
and  slot.  The  patterns  were  iden-tical  to  those  of  a half-wave  dipole. 

The  radiation  pat-tem  for  a -two-slot  array  has  been  computed  and  meas- 
ured. The  measured  values  differed  somewhat  from  -the  computed  values,  and 
•there  was  some  lack  of  symmetry  in  the  pattern  as  received  in  the  TE^q  and 
T^q  arms.  The  discrepancy  was  attributed  to  the  close  tolerances  required 
in  machining  the  slots.  Ifatrix  represen-tation  of  the  slot  obs-tacle  was  ent- 
ployed  to  de-temine  -the  error  introduced  by  a fini-te  amount  of  unwan-ted 
cross-coupling  in  the  impedance-measuring  system.  The  impedance  scat-taring 
coefficien-bs  for  the  two-slot  array  was  measured}  and  there  was  found  a 
lack  of  symmetry  due  -to  machining. 

W.  H.  Eunmer 

Current  Woric 

During  the  present  quarter,  the  work  has  been  entirely  on  the  prepara- 
tion of  a report  covering  in  de-tail  the  s-tudy  outlined  above. 

* Prof.  S.  Silver  is  on  sabbatical  leave,  but  is  keeping  close  con-tact, 

through  correspondence,  -wi-tli  all  the  work  begun  under  his 
direction. 
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5*2  Miltimode  Propagation  in  Waveguides 

Summary  of  Previous  Work 

This  study  is  of  the  propagation  of  several  modes  in  a waveguide,  and  of  the 
effect  of  obstacles  and  discontinuities  in  the  guide.  The  representation  of  the 
waveguide  by  a set  of  transmission  lines  coiqjled  at  the  discontinuity  has  been  in- 
vestigated, and  the  reciprocity  relations  of  the  scattering  matrix  and  the  asso- 
ciated impedance  matrix  for  any  kind  of  obstacles  (lossless,  lossy,  or  radiating) 
has  been  established.  An  investigation  of  the  completeness  of  the  representation 
of  a general  wave  in  a waveguide  by  TE  and  TM  modes  has  been  made,  and  it  has 

been  established  that,  given  E and  H , one  can  uniquely  describe  the  fields 

Z 2 

completely,  in  terms  of  the  TE  and  TM  modes. 

Since  the  commonly  used  expressions  for  slot  impedance  obtained  from  Eabinetfe 
princ:ple  differ  from  measured  values  by  30/S,  a better  approximation  was  developed 
which  takes  in+o  account  the  difference  between  the  far-zone  fields  of  a slot  in 
an  iafinite  plane  and  in  the  wall  of  a cylindrical  waveguide.  Green's  functions 
are  set  up  for  interior  and  exterior  regions  with  matching  across  the  slot  and 
separation  of  the  singularity  by  a method  similar  to  one  used  for  wire  antennas. 
With  this  correction  of  the  theory,  results  are  in  good  agreement  with  experiment. 

Current  Work 

The  theory  as  developed  provides  a method  for  the  evaluation  of  the  induced 
sources  in  a slot.  This  allows  one  to  compute  both  the  amplitude  and  distribution 
of  voltage  over  a longitudinal  slot.  These  are,  in  general,  functions  of  the 
exciting  field,  and  of  the  ^ot  and  waveguide  geometry.  The  expressions  obtained 
for  a multimode  guide  are  in  closed  form  and  readily  evaluated  numerically. 

The  scattering  by  a slot  in  a waveguide  allowing  free  propagation  of  two  modes 
has  been  computed  and  compared  with  experimental  data.  The  agreement  is  very 
good. 

This  phase  of  the  multimode  research  is  now  completed.  A report  has  been 
prepared  and  is  now  being  reviewed. 

G.  Held 
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VI.  DIFFRACTION,  SCATTEEIING,  AND  ICCCROirAVE  OPTICS 

Contract  Number 

N7-on3>-29529 
Prof*  L,  J.  Black 
prof.  S.  Silver 
Prof.  J.  R.  Whinnery 
J.  S.  Honda 
R.  Flonsey 


6.1  Scattering  from  a Prolate  Spheroid 


Sumnary  of  Previous  Tforicj 


This  research  is  a study  of  the  scattered  field  from  a prolate 
spheroid  illuminated  by  an  incident  wave.  The  main  problem  encountered 
up  to  the  present  has  been  the  instrumentation.  Since  the  scattered 
field  is  very  small  compared  with  the  incident  signal,  a null  method 
has  been  used  to  measure  the  scattered  field.  For  this  technique,  a 
precise  balancing  mechanism,  a frequency-stable  signal  generator,  and 
a high  power  source  are  required. 

A stabilized  klyatron  oscillator  has  been  used  to  drive  a Varian 
V-27  two-cavity  klystron  amplifier,  which  makes  several  watts  available 
at  937?  megacycles. 


Current  Work 

During  the  period  of  this  report,  a balanced  microwave  bridge 
using  a magic  tee  has  been  used  to  detect  the  back-scattered  signal. 

This  systen  req\iired  a very  critical  balancing  mechanism  and  was  highly  sen- 
sitive to  frequency  change.  A Hewlett-Packard  7?2A  directional  coupler, 
with  large  coupling  and  high  directivity,  is  now  used  in  place  of  the 
magic  tee.  Analysis  and e xperimental  work  carried  out  with  this  direction- 
al coupler  indicated  that  the  directional  coupler  used  as  a reflectometer 
is  less  frequency  sensitive  than  the  magic  tee. 

However,  similarly  to  the  magic  tee  method,  the  received  back- 
scattered  signal  indicates  that  m\iltiple  scattering  is  present.  Asi^timlng 
the  main  multiple  scattering  to  occur  between  the  scatterer  and  the  horn. 


* Prof,  S.  Silver  is  on  sabbatical  leave,  but  is  keeping  close  contact, 

throu^  correspondance,  with  all  the  work  begun  under  his 
direction. 


an  analysis  of  the  mi:iltiple  scattering  effect  was  carried  out.  The 
analysis  is  quite  similar  to  that  made  by  D»  D.  King.^ 

In  the  next  quarter,  the  parameters  necessary  to  determine  the 
radar  cross-section  of  tiro  scattering  objects  - a sphere  and  a prolate 
spheroid  - will  be  measured  experimentally.  If  the  assumption  made 
about  the  multiple  scattering  effect  is  correct,  the  radar  cross-section 
of  the  sphere  and  prolate  spheroid  can  be  measured  experimentally. 


J.  S»  Honda 


6.2  Beam  Shaping  Antennas 

Summary  of  previous  ITork 

This  is  an  inre«tigation  of  the  diffraction  phenomena  of  cylindri- 
cal reflectors,  for  the  production  of  shaped  beams.  The  experimental  ac- 
tivities to  date  have  primarily  been  design  and  testing  of  a pillbox  for 
use  as  a line  source.  A fair  amount  of  time  has  been  spent  on  this,  since 
the  pillbox,  in  a rough  two-dimensional  sense,  reproduces  some  of  the  same 
problems  that  will  be  dealt  id  th  in  the  overall  problem.  Measured  field 
patterns  in  the  cylindrical  zone  were  found  to  have  both  phase  and  ampli- 
tude deviations  from  the  mean  tiiat  were  larger  tlian  desirable  and  an 
effort  has  been  made  to  determine  the  cause  of  this. 

Numerical  calculations  (using  a spiral  diagram  technique)  were 
made  assuming  uniform  aperture  illumination,  but  taking  account  of  the 
blocicing  action  of  the  pillbox  feed.  As  the  calculated  pattern  agreed 
well  with  the  measured  pattern  over  a considerable  range,  it  was  conclud- 
ed that  the  predominant  aperture  effect  is  frcmi  diffraction  at  the  edge  of 
the  pillbox  and  of  the  feed  (i.e,  feed  blocking).  Scattering  from  the 
straight  sides  also  contributed  somewhat  to  the  irregularity  of  the  pattern. 


^King,  Donald  D.,  Measurements  at  Centimeter  Wayelei^h, 
D«  Van  Nostrand  Company,  Inc.,  N.T.  pp,  2^1-29lj, 


Theoretical  investigations  have  also  been  conducted  along  linos 
of  getting  Improved  ; .-presentations  for  current  induced  on  the  reflector 
surface,  thereby  improving  the  far  field  calculations.  To  accomplish  this, 
an  asymptotic  series,  the  leading  term  of  which  is  the  geometrical  optics 
term,  was  investigated  in  the  hope  that  the  second  term  would  provide  a 
suitable  correction. 
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Current  Woric 

The  present  pillbox  will  definitely  be  abandoned  because  of  the 
blocking  action  of  the  feed.  A double— pillbox  antenna  has  been  considered 
in  its  place  - and  it  may  be  possible  to  convert  the  present  pillbox  into 
a double-pillbox.  It  is  still  desired,  if  possible,  to  build  a parallel 
plate  arrangement  to  make  all  measurements  in  a two-dimensional  sense. 

As  soon  as  the  entire  scope  of  this  research  is  laid  out,  and  future  needs 
ascertained,  it  id  11  be  possible  to  determine  if  this  scheme  is  practical. 

Further  investigations  into  the  theoretical  problem  of  pushing  the 
geometrical  optics  solution  down  to  quasi-optical  frequencies  continued. 

No  significant  progress  along  these  lines  has  yet  been  made,  and  no  con- 
clusions as  yet  drawn  as  to  the  usefulness  of  the  asymptotic  series  method, 

A method  of  attack  on  the  problem  was  adopted  through  which,  by  concentrat- 
ing on  simplified  geometrical  shapes,  it  may  be  possible  to  develop  genereili- 
zations  to  the  case  of  arbitrary-shaped  reflectors.  The  simplest  shape  is 
the  plane  reflecting  strip,  and  some  time  was  spent  investigating  the  prob- 
lem of  an  incident  plane  wave  on  a strip  of  arbitrary  width.  It  is  hoped 
to  do  sane  work  on  cylindrical-shaped  strips,  and  to  combine  the  theoreti- 
cal approach  with  experimental  work. 


R.  Plonsey 
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. DEVELOPMEWT  OF  CAREIEE-CCNTROLLED-APPROACH  COlfl/IUNICATION  SYSTEM  ANTENNAS 

Contract  Number 

N7-oni^29529 

Prof.  D.  J.  Angelakos  R.  W.  Bickmore 

Prof.  L.  J.  Black  F.  D.  Clapp 

Prof.  G.  L.  Mitthaei 

7»1  Ornii-dircctional  Antennas 

Testing  of  the  full-scale  225-UOOmc  omniv.directional  flush-^nounted 
antenna  has  norr  been  completed.  Results  obtained  from  tests  made  on 
the  10  • 3c  12 ' ground  plane  at  this  laboratory  were  erratic  and  were  con- 
sidered inconclusive  because  of  the  size  of  the  ground  plane  in  relation 
to  the  frequency.  Since  no  larger  ground  plane  is  available  here,  the 
antenna  was  taken  to  the  Navy  Electronics  Laboratory  at  San  Diego  for 
additional  tests.  The  VSMR  vs.  frequency  curve  obtained  at  NBL  for  the 
full-scale  model  agreed  remarkably  well  with  the  results  obtained  on  our 
ground  plane  for  a 2 l/2:l  scale  model,  except  over  a small  range  (about 
30  megacycles)  in  the  vicinity  of  about  37?  megacycles.  The  tests  of  the 
full-scale  model  gave  erratic  results  in  this  range.  This,  however,  has 
been  traced  to  leakage  of  energy  in  the  measuring  system. 

The  table  shown  below  summarizes  the  electrical  performance  and  size 
characteristics  of  this  type  of  antenna.  A complete  technical  report  on 
this  work  has  been  prepared  and  will  be  issued  soon. 
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7»2  Cardloid  Pattern  Antennas 

Flush-mounted  Type 

The  antenna  under  consideration  is  a flush-mounted  annular  slot  antenna 
having  cardioid  radiation  patterns  over  a large  freq’iency  range.  In  addition, 
the  impedance  behavior  of  the  antenna  should  be  such  as  to  introduce  a 
standing-vrave  ratio  of  no  more  than  2:1  over  the  frequency  range.  The  impedance 
behavior  of  the  antenna  is  not  being  investigated  to  the  same  extent  as  the 
radiation  properties.  The  reason  for  this  is  that  the  same  techniques  develop- 
ed for  the  omni-directional  antenna  can  be  used. 

The  work  completed  up  to  this  report  lead  to  the  following  observations: 

a) .  An  antenna  half-filled  with  paraffin  (relative  dielectric  constant 
of  2,25)  aJid  half-filled  with  Hexcel  (a  honeycomb  type  plastic  which  is 
mechanically  strong  and  hasa dielectric  constant  very  close  to  that  of  air) 
is  satisfactory  when  tested  as  a model  of  scale  factor  of  about  3.5  to  1. 

b) .  The  impedance  behavior  of  the  antennas  under  consideration  can 
be  inqjroved  by  the  use  of  a tuning  condenser  between  the  feed  point  and 
centeivplate. 

During  the  present  quarterly  period,  a model  half -filled  with  Hysol 
(a  precast  plastic  of  relative  dielectric  constant  of  about  3»0)  was  tested. 

This  model  improved  the  scaling  factor  (made  the  final  full-scale  model 
smaller)  but  showed  a narrower  band-width.  An  enlarged  mod?l  (filled  with 
paraffin  with  holes  drilled  in  it  so  as  to  lower  the  dielectric  constant  from 
2.25  to  an  average  of  1.7)  was  tested.  The  radiation  patterns  were  not  sub- 
stantially improved. 

A large  portion  of  the  present  quarterly  period  was  spent  in  the  in- 
vestigation of  the  behavior  of  a coaxial  line  partially  filled  with  dielectric. 
The  guide  wavelength  in  the  coaxial  line  can  be  determined  theoretically  as 
a function  of  dielectric  filling.  This  was  verified  by  measurements.  A 
better  understanding  of  the  properties  of  this  line  is  necessary  in  the  de- 
sign of  the  cardioid  pattern  antenna,  since  it  is  the  partially  filled  coaxial 
line  which  fixes  the  proper  field  in  the  radiating  slot.  It  is  planned  to 
have  this  portion  of  the  investigation  appear  as  a separate  laboratory  report. 

The  plans  for  the  final  two  months  of  this  phase  of  the  contract  are 
as  follows : 

a.  A larger  model  of  the  paraffin  half-filled  autcnna  will  be  tested 
to  check  the  antenna  described  under  (a)  above. 
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■fa.  A report  summarizing  all  the  previous  irork  and  givirig  recommendations 
for  the  design  of  the  cardioid  an-tenna  Trill  be  writ'ten. 

Semi-flush  Mounted  (Hurii)  Type 

The  conqjleted  full-scale  model  antenna  for  this  part  of  the  program  is 
mounted  on  a quarter-inch  dural  pla-te  approximately  60  x 70  inches.  The 
■woifcLng  portion  of  'the  antenna  has  a mart  mum  length  of  I4.8.6  inches,  a marttinim 
width  of  1i2.6  inches  and  a maxinnim  height  of  sligh-tly  under  7.0  inches  overall. 
The  tof>-plate  is  of  3/I6  inch  dural.  The  interior  is  en'tirely  filled  with 
Hexcel  plastic  honeycomb  which  is  securely  bonded  to  all  metal  surfaces.  The 
entire  upper  surface  is  covered  with  a •skin*  of  glass  cloth  coated  wi-th 
several  layers  of  KPCN  thermo-setting  plastic,  forming  a very  hard,  strong, 
and  abrasion- resistant  surface.  Electrical  connection  to  the  antenna  is  made 
with  a standard  type  "N*  connector  at  the  rear  so  that  the  entire  under  sur- 
face of  the  antenna  is  flat  and  unobstructed.  This  feature  is  important  in  an 
antenna  of  this  size  since  it  is  more  easily  handled  with  this  construction  and 
danger  of  damaging  the  r-f  fitting  is  minimized. 

Conplete  pattern  and  in^jedance  da-ta  have  been  taken  on  the  antenna  at  the 
Navy  Electronics  Laboratory  in  San  Diego,  and  satisfactory  results  were  ob-bained. 
The  design  is  intended  to  have  a SJIR  under  2.0  over  'the  range  frcta  225  to  1*00  me. 
The  flattest  curve  obtained  was  2.8  at  225  me,  dropping  -very  s'teeply  to  1.6  at 
235  me  and  remaining  under  1.75  out  through  ?00  me.  A deep  null  occurs  in  the 
forward  pat'fcem  between  8OO  and  500  me  sc  the  investigation  was  not  carried 
further.  The  SIfR  is  actoailly  below  1.5  at  all  frequencies  above  300  me. 

Pattemwise,  the  front-to-back  ratio  is  o f the  order  of  J or  I;  db  at  225  me, 
increasing  rapidly  with  frequency.  It  is  of  -the  order  of  15  or  20  db  at  all 
frequencies  above  280  me.  The  general  character  of  the  pattern  is  thatef  a 
cardioid,  ■with  a small  anplitude,  narrow  back  lobe.  The  forward  radiation  is 
nearly  cons'tant  over  a range  from  l50  to  about  200  degrees,  depending  on  fre- 
quency, and  at  vertical  angles  up  to  at  least  60  degrees.  To  the  rear  the 
radiation  drops  very  sharply.  In  -the  upper  half  of  the  band  nearly  all  the 
radiation  to  the  rear  is  concentra'ted  in  one  or  more  minor  lobes,  most  of 
•wh-'.-h  are  at  high  vertical  angles  and  are  down  10  to  20  db  from  the  main 
forward  lobe.  In  compliance  with  the  specifications,  there  are  no  null  or 
even  sharply  defined  minima  at  any  frequency  in  the  volume  bounded  by  azimuth 
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angles  of  ♦ 7$  degrees  and  a vertical  angle  of  60  degrees. 

Impedance  measurements  and  patterns  were  also  taken  for  the  case  of 
the  antenna  placed  on  wooden  blocks  (approximately  deck  thickness) 
over  the  ground  plane,  and  also  for  the  extreme  case  of  the  antenna  placed 
on  small  sas-horses  about  1 foot  above  the  ground  plane. 

In  the  required  band  no  important  effect  was  observed  on  the 
antenna  impedance  in  either  case.  The  patterns  were  only  slightly  affected 
at  the  Icsr  frequency  end  of  the  range;  the  effect  increasing  for  the 
larger  antenna-to-ground-plane  spacing. 

Summary  of  results  of  tests  of  the  hom-type  anteimat 

1.  The  hom-type  antenna  can  be  satisfactorily  fabricated  to  meet  all 
mechanical  and  electrical  specifications  except  the  requirement  for  flush- 
mounting. However,  its  vertical  height  of  7 inches  is  small. 

2.  It  is  found  to  have  satisfactory  electrical  characteristics  over 
a bandwidth  nearly  twice  as  great  as  that  specified.  Thus  it  may  prove 
of  value  in  other  than  the  Intended  application,  particularly  when  scaled 
to  some  other  frequency  raiige. 

3.  Its  tolerance  of  separation  from  the  ground  plane  should  make  field 
testing  of  its  performance  extremely  sinple.  It  may  be  simply  placed  on  the 
deck  of  any  ship  in  a reasonably  clear  position  without  cutting  holes  or 
doing  o ther  machine  work. 

U.  Even  better  performance  between  225  ai»d  250  me  could  be  obtain- 
ed by  scaling  the  antenna  about  10  per  cent  larger  if  this  seemed  desir- 
able. 

A ccoplete  technical  report  on  this  antenna  is  now  being  pie- 
pared. 

7.3  Antenna  Matching  Investigations 

The  object  of  this  part  of  the  study  is  to  see  what  can  be  done  toward 
extending  the  useful  operating  ranges  of  circular  slot  antennas  of  given  sizes 
by  the  use  of  input-impedance  matching  techniques.  The  work  has  been  directed 
largely  toward  finding  a general,  practical  method  for  synthesizing  band-pass 
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matching  netirorks.  Though  the  woric  of  Fano^  gives  caisiderable  insight  into 
the  nature  of  this  problem,  liis  design  methods  are  notpartlcularly  helpful  for 
the  class  of  band-pass  matching  networks  under  consideration. 

The  radiating-slot  equivalent  circuit  mentioned  in  the  last  Quarterly 
Report  is  shown  in  Fig.  1.  The  problem  under  consideration  is  to  find  a 


Fig.  1 


matching  network  which  satisfies  the  following  conditions: 

A.  The  standing-wave  ratio  is  to  be  1.7?  or  less  throughout  a 
pass-band  having  a band-edge  ratio  of  1.8. 

B.  The  matching  network  design  should  locate  this  pass-band  at  the 
lowest  frequencies  possible  for  any  given  number  of  matching-network  elements. 

1.  Fano,  R.M. , "Theoretical  Limitations  on  the  Broadband  Batching  of 
Arbitrary  Impedances",  Journal  of  the  Franklin  Institute.  Vol.  21;?,  January, 
pp.  ?7-8Ii,  Febraury,  pp.  139-1?U,  19?0. 
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Quite  a few  different  design  techniques  harve  been  experimented  with. 

It  has  been  found  that  the  design  approaches  which  are  fruitful  vary  some»* 
what,  depending  on  the  ratio  of  corresponding  to  Fig.  1.  The  optimum 

design  for  a two^^lement  matching-network  is  based  on  a transmission 
characteristic  irtiich  is  often  rather  difficult  to  pre-determine.  If  the  ratio 
of  were  made  large  enough,  the  optimum  two-element  matching  network 

design  can  be  based  on  an  equal-ripple  transmission-function  characteristic 
which  is  easily  derived  from  a Chebyshef  polynomial  mapped  by  a low-pass 
to  band-pass  transformation.  It  is  much  easier  to  handle  these  cases 


where  are  large  because  it  is  easier  to  find  an  efficient  and 

appropriate  transmission  characteristic.  Unfortunately,  the  ratio 
m o.Utl  for  the  example  in  Fig.  1 is  far  too  small  to  permit  good  results 


by  use  of  standard  Chebyshef  characteristics, 


Uany  avenues  for  further  investigation  have  become  evident  fron  the 
work  done  during  the  summer  on  this  problem.  Since  the  CCA.  woric  is  being 
brought  to  a close,  a report  will  be  prepared  which  will  suggest^  by  an 
example^  the  order  of  magnitude  of  the  performance  ioqjrovement  of  circular 
slot  antennas  obtainable  by  siaqple  matchixu»  elements.  Such  improvement 
makes  possible  a decrease  in  antenna  size  (and  weight)  for  given  band- 
width and  SWR  specifications,  ^his  material  will  appear  as  part  of  a re- 
port on  Omni— directional  annular  slot  antennas. 


development  of  a generalized  approach  to  the  synthesis  of  matching  network 
for  broedband  systems,  and  will  be  carried  on  in  connection  with  other 
studies  of  broadband  radiating  systems  and  associated  networis  being  done 

here. 
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VIII.  BROADBAliD  RADIATING  SYSTEIS  AND  ASSXIATED  NETWORKS  AT  MICROWAVE 
. . FREQUEirciES 


8.1  General 


Contract  Number 
N7-onr-29529 

Prof.  D.  J.  Angelakos 
H.  A.  Judy 


The  desirability  of  making  use  of  one  antenna-line  system  for  more 
tlian  one  frequency  range  leads  to  this  study.  Such  a system  consists  of 
the  following  basic  parts* 

a) .  Transmission  line. 

1.  The  circular  mode  offers  a possible  solution. 

2.  liUlti-mode  transmission  systems.  More  than  one  mode  of  field 
configuration  can  exist  in  the  same  guide. 

3.  The  ridge-waveguide  as  a broadband  line. 

The  three  types  of  transmission  lines  arebeing  considered  and 
their  properties  are  being  compared. 

b) .  Antenna.  The  antenna  behavior  over  the  band  of  frequencies  is  to 

be  investigated. 

c) .  Conponents.  Such  components  as  matching  sections,  directional 

couplers,  transition  sections  etc.,  will  be  individually  investi- 
gated and  designed. 

The  directional  coupler  applied  to  multi-^node  waveguide  is  being 
considered  by  a Research  Assistant  (see  below).  Another  Research 
Assistant  has  just  started  a ^tudy  of  the  use  of  ferrites  as 
microwave  component  variables  for  application  to  this  investiga- 
tion. 


D.  J.  Angelakos 


8.2  Multi-Mode  Directional  Couplers 

A project  has  just  been  started  to  study  and  develop  directional 
couplers  in  conjunction  with  rectangular  waveguides  propagating  T^q  and 
TEgQ  modes. 

The  present  emphasis  is  on  mode-selective  couplers  which  may  be  used 
as  experimental  equipment  in  future  multi-mode  studies.  Coupling  apertures 
in  the  narrow  side  of  the  waveguide  have  no  intrinsic  mode  selectivity  so 
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coupling  Tiill  be  confined  to  the  broad  side  of  the  naveguide.  Here,  coup- 
ling apertures  utiliang  electric  coupling  have  appreciable  magnetic 
radiation  irhich  severely  complicates  the  problem  of  mode  selection.  It 
is  felt  that  the  utilization  of  narrow  slot  magnetic  coupling  irill  facili- 
tate the  development  of  relatively  simple  coupling  arrays.  By  placing 
narrow  slots  parallel  to  lines  of  current  flow  of  one  mode,  while  cutting 
lines  of  current  flow  of  the  other  mode,  each  slot  may  be  made  intrinsi- 
cally mode-selective  and  offer  a minimum  discontinuity  to  the  xuidesired 
mode. 

Various  coupling  schemes  are  under  consideration.  Those  which  seem 
most  desirable  will  be  built  and  studied,  using  two  modes  of  propagation 
at  the  same  frequency  in  waveguide  with  inside  dimensions  of  O.h"  1.6". 

H.  A.  Judy 


IX.  RELATS)  RESEARCH  STUDIES 
Contract  Number 


N7-onav29529 


Prof.  L.  J.  Black 
Prof.  L.  E.  Reukema 
Z.  Kaprlellan 

9.1L  Metallic  Delay  Media  — Discs 


Summary  of  Previous  WoI^c 


J.  liinushian 
J.  B.  Humfeld 
A.  M.  Serang 


This  study  is  concerned  Trith  the  electromagnetic  propagation 
characteristics  of  space  arrays  of  aperture-in-metal  discontinuities  and 
cco^Jlementary  structures.  Design  criteria  for  media  of  circular  apertures 
and  discs  for  use  as  artificial  dielectrics  are  considered.  Using  a 
loaded  transmission  line  analogy,  with  single  mode  interaction  between 
the  elements,  the  susceptance  of  a sheet  of  apertures  was  calculated.  By 
direct  application  of  Babinet's  principle,  the  shunt  reactance  of  a sheet 
of  discs  was  found.  For  disc  diameters  very  small  compared  to  transverse 
spacing  and  for  free-space  wavelength  very  large  compared  to  these  spac- 
ings  the  calculated  index  of  refraction  agrees  with  that  based  on  a molec- 
ular analogy  first  given  by'Boch  (B.S.T.J.  19li9).  For  larger  apertures 
and  transverse  spacing  less  than  the  wavelength,  the  results  agree  well 
with  experimental  data  on  single  sheets.  The  calculation  of  susceptance 
has  been  done  variationally  and  is  valid  for  aperture  diameter  to  trans- 
verse spacing  ratios  up  to  0.8,  which  considerably  extends  present  design 
limits. 

A second  method  utilized  the  summation  of  scattered  fields  from  a 
semi-infinite  array  of  obstacles.  The  amplitude  of  the  far-zone  scatter- 
ed field  yields  knowledge  of  the  bulk  reflective  properties,  ^ecialized 
to  the  case  of  small  obstacles,  an  effective  permittivity  has  been  defined 
based  on  the  fact  that  the  relative  permeability  is  unity  for  normal  in- 
cidence. 

Current  TTork 

The  experimental  woric,  designed  to  measure  the  properties  of  an 
infinite  medium  by  a null  method,  and  the  phase  shift  of  single  sheets 


by  an  additional  method  based  on  sheet  separation  for  maTriimim  transmission, 
has  been  continued.  The  null  method  of  measurement  was  improved  with  re- 
spect to  accuracy  and  reproducibility  of  data  by  using  a more  stable  3 cm. 
source  and  by  adjusting  the  lengths  of  the  free  space  and  reference  arms 
so  that  the  frequency  derivative  of  the  phase  difference  ir,  on  the  average, 
zero  with  and  without  a sample  in  the  free  space  arm.  Antenna  and  sample 
interaction  effects  are  compensated  for  by  plotting  phase  shift  against 
antenna  to  sample  separation  and  taking  the  average  value.  With  test 
slabs  of  I^'sol,  the  index  of  refractdonwas  measured  to  within  one  per- 
cent, most  of  the  error  being  due  to  diffraction.  Four  types  of  media  are 
being  constructed,  each  consisting  of  l8  sheets  of  18"  x 18"  alclad  sheets 
0.020"  thick.  Three  are  in  a square  pattern  with  aperture-to-wavelength 
spacings  of  approximately  0.15,  0.30  and  0.60,  and  a spacing-to-wavelength 
ratio  of  0.83.  The  fourth  is  a rectang;ular  pattern  with  apertiire-to-wave- 
length  ratio  of  U.30.  Thia  perforated  sheet  medium  has  versatility  in 
that,  if  inradiated  from  the  edges,  it  serves  as  a parallel  plate  medium 
with  periodic  slots  in  the  walls.  A fifth  medium,  an  exact  complement  of 
one  of  the  square  aperture  patterns,  is  also  being  constructed  by  hot  press- 
ing discs  on  polyfoam.  Such  sheets  will  also  be  used  to  investigate  a 
t doubly  periodic  structuire  of  apertxires  and  complements. 


IV 


J.  Uunushian 


9.2 


Artificial  Dielectrics  - Rods 


This  study  is  of  the  dielectric  properties  of  a medium  consisting  of 

y 

a series  of  plane  grids  of  conducting  rods,  for  electranagnetic  plane  waves, 
with  the  polarization  vector  parallel  to  and  perpendicular  to  the  axis  of 
rods.  Dependence  of  the  dielectric  properties  on  rod  diameter,  spacing, 
and  grid  separati jn,  are  being  studied. 

For  H-polarlzation,  a zero  order  approximation  has  been  calculated 
for  isolated  rods.  This  result  was  extended  to  account  for  dipole  inter- 
action between  elements  of  the  array  and  leads  to  a two-dimensional 


Clausius-llosso't'ti  relation  for  the  electric  polarizability.  In  addition, 
for  both  polarizations,  the  impedance  of  the  planar  grid  has  been  calculated 
and  used  in  an  equivalent  loaded  transmission  line  as  a first  order  approxi- 
mation for  the  propagation  constant  and  impedance. 

ForKa<l,  which  is  the  region  of  engineering  interest,  a method  was 
developed  which  includes  effects  of  interaction  for  the  time-varying  field 
and  is  based  on  summations  of  scattered f ields . A special  case  of  this 
result  ( Ka<<!)  was  found  to  be  in  agreement  with  resixlts  of  Slater's 
cellular  method  for  the  same  range  of  the  variable  Ka.  For  this  same  re- 
gion, an  equivalent  permittivity  and  ]^meability  can  be  defined  for  the 
medium. 

To  generlize  formally  the  results  for  all  values  of  Ka  and  spacings, 
the  variational  method  used  in  quantum  mechanics  of  crystals  was  reformu- 
lated from  an  integral  equation  point  of  view,  thus  replacing  the  problem 
of  choosing  trial  wave  functions  with  that  of  choosing  trial  vaL  ues  of  the 
currents  on  the  obstacles  at  the  lattice  points.  This  method  would  be 
particxilarly  useful  when  the  obstacles  are  of  such  a shape  that  the  wave 
functions  are  not  known. 

Experimental  equipment  has  been  set  up,  consisting  of  a section  of 
10  cm.  waveguide  in  which  is  an  array  of  copper  rods  parallel  to  the  broad 
faces.  An  almost  continuous  variation  of  spacing  between  the  rods  is 
possible.  The  index  of  refraction  was  found  in  the  same  way  as  for  solid 
dielectrics.  Within  the  range  of  guide  wavelength,  10-20  cm.,  the  index 
of  refraction  is  constant  wL  th  respect  to  wavelength  within  the  accuracy 
of  the  measurement  procedures.  In  general | agreement  with  theory  has  bben 
good. 

Current  Work 

Using  similar  variational  techniques,  a characteristic  impedance  was 
evaluated  for  the  various  transmission  modes  in  the  lattice,  which  in  com- 
bination with  the  previous  computation  for  the  propagation  constant  in  an 
infinite  lattice,  completely  characterize  the  semi-infinite  lattice  for 
normal  incidence.  The  solutions  within  the  semi-infinite  medium  are  re- 
presented as  a superposition  of  various  modes.  Depending  on  the  relation- 
ship of  the  lattice  dimensions  to  the  free-space  wavelength,  a given 
number  of  the  induced  modes  will  actually  propagate  energy  through  the 
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lattice.  For  certain  rariges  of  Ka,  as  mentioned  above,  the  equivalent 
medium  desTription  is  valid.  For  the  region  of  Ka  where  the  higher  modes 
can  propagate,  the  bandpass  filter  characteristic  of  the  medium  is  deter- 
mined, with  stop  bands  corresponding  to  large  reflections  and  high  atten- 
uation, and  with  pass  bands  corresponding  to  the  frequencies  that  can  prop- 
agate. In  the  determination  of  the  characteristic  impedance,  the  trial 
current  used  was  that  of  an  isolated  cylinder  due  to  an  incident  plane 
wave  multiplied  by  a phase  factor  which  is  a function  of  the  direction  of 
propagation  and  an  exponential  decayfhctor  to  take  care  of  the  transition 
region. 

A free-space  experiment  was  required  to  measure  the  characteristics 
for  B-polarization,  since  this  does  not  represent  an  infinite  array  if  used 
in  a wave-guide.  A structure  using  lucite  sheets  perforated  with  1/16  inch 
and  l/8  inch  holes  is  being  constructed  to  support  the  rods.  The  free 
space  interferometer,  using  a null  method,  will  be  employed.  This  can  also 
be  used  for  comparison  with  the  waveguide  method  for  H-polarization. 


Z.  Kaprielian 

9.3  Anals'-sis  of  the  Side-Outlet  Tec  f or  Impedance  Measurements 

Summary  of  Previous  Work 

This  study  is  of  the  use  of  a side-outlet  tee  as  an  impedance  bridge 
at  microwave  frequencies.  The  errors  introduced  depend  on  the  degree  of 
matching  of  the  tee,  the  extent  to  which  the  measurement  is  frequency  sen- 
sitive, and  the  magnitude  and  phase  of  the  coefficient  of  rsflcction  from 
the  test  load. 

In  order  to  measure  the  sensitivity  of  the  side-outlet  tee  to  either 
the  phase  or  the  magnitude  of  reflecticn  from  a test  load,  a test  load 
was  devised  such  that  its  reflection  coefficient  could  be  varied  in  mag- 
nitude or  phase,  each  independently.  This  load  consisted  of  a Sperry 
transformer,  a slide-screw  tuner  and  a resistive  load  connected  in  tandem. 
This  load  was  calibrated. 
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Current  Work 

A theoretical  analysis  of  an  asymnbtrical  tee  tss  made.  This  analysis 
shewed  that  the  sensitivity  of  the  tee  to  the  phase  of  the  test  load  re- 
flection was  due  to  the  asymmetric  coupling  between  the  B-  and  H-arms,  as 
well  ds  the  mismatch  seen  looking  into  the  junction  through  the  test  arm. 
Thrther  analysis  established  the  theoretical  relationships  between  the 
coupling  and  reflection  coefficients  of  junction  arms  and  the  phase  and 
magnitude  of  reflection  from  the  test  load.  From  this  analysis  it  was 
possible  to  devise  means  of  removing  the  errors  dut:  to  asymmetry  and 
mismatch.  These  means  were  proven  to  be  correct  both  by  theoretical 
analysis  and  experimental  work. 

The  means  of  removing  errors,  in  in?)edance  measurements,  due  to 
asymmetric  cross-coupling  aid  mismatch  were  as  follows s 

1)  Using  tlia  H-am  of  the  tee  as  the  input  arm,  the  B-arm  was  coupled 
to  a detector  and  the  side  arms  to  matched  loads.  If  the  tee  had  been 
symmetrical  there  would  have  been  no  power  delivered  to  the  detector.  How- 
ever, the  tee  was  asymmetrical  and  therefore  there  was  coupling  between 
the  H-  and  E-arms,  In  order  to  eliminate  this,  the  load  on  the  reference 
side  arm  was  tonad  until  the  B-amn  detector  received  as  little  power  as 
possible.  In  this  way,  the  load  on  the  reference  arm  was  no  longer  a 
matched  load,  but  it  produced  a desirable  minimum  coupling  between  the 
input  H-arm  and  the  detecting  B-arm.  It  was  found  possible  to  reduce  the 
power  delivered  to  the  detector  65  to  70  db.  below  the  input  level.  This, 
essentially,  decoupled  the  B-arm  from  the  Il-arm, 

2)  With  the  test  arm  as  the  input  arm,  the  reference  load  remaining 
as  above,  and  a matched  load  coupled  to  the  H-arm,  the  detector  on  the  B- 
arm  was  tuned  so  that  a match  was  seen  looking  into  the  junction  through 
the  test  arm. 

These  tv;o  procedures  eliminated  the  sensitivity  of  the  tee  to  the  phase 
of  the  t js'v,  lf;;'d  reflection.  Experimental  measurements  were  made  with 
loads  of  the  following  three  kinds: 

1)  iWo  loads  having  reflection  coefficients  of  constant  magni- 
tudes (VStilR  » 1,68  and  1,17),  but  varying  phase, 

2)  A load  having  a reflection  coefficient  of  constant  phase  but 
varying  magnitude. 
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3)  A load  having  a reriection  coefficient  Triiich  varied  both  in 
phase  and  magnitude. 

The  experimental  measurements  were  made  with  the  H-arm  used  as  the  in- 
put arm,  the  reference  arm  carrying  the  tuned  reference  load,  the  E-arm 
coupled  to  the  tuned  detector  and  the  test  ‘Wrm  coupled  to  the  loads  men- 
tioned above.  Tiie  measurements  showed  that  the  output  to  the  detector  was 
independent  of  the  phase  of  the  loads.  The  VSWR’s  measured  with  the  tee 
were  within  S%  of  those  measured  with  a slotted  line.  This  result  substanti- 
ated, experimentally,  the  theoretical  analysis  which  suggested  the  method 
of  tee  alignment  described  above.  Thus  the  constructional  asymmetry  and 
mismatch  conditions  in  a side-outlet  tee  can  be  compensated  for  in  such  a 
wpy  that  the  tee  is  insensitive  to  the  phase  of  ihe  reflection' from  the 
test  load.  The  experimental  results  also  verified  the  theoretical  ex- 
pectations that  the  power  delivered  to  the  detector  is  proportional  to 
the  square  of  the  magnitude  of  the  test  load  reflection.  Thus  a side- 
outlet  tee  can  be  easily  calibrated,  at  one  frequency,  to  use  for  direct 
measurement  of  the  VSJIR  of  any  unknown  load. 

The  side-outlet  t-ee  was  tuned  at  9l|l*0  mcs.  with  slide-screw  tuners 
which  were  coupled  to  the  necessary  arms  of  the  tee.  These  tuning  ele^f'nts 
made  the  tee  extremely  frequency  sensitive.  The  effect  of  frequency  var- 
iation was  measxired  and  it  was  found  that  for  a frequency  shift  of 
- 80  me,  the  decoupling  which  was  achieved  between  the  input  H-arm  and 
the  output  B-arm  was  reduced  from  - 70  dbs  to  - 35  dbs.  The  VSIR  seen 
looking  into  the  test  arm  was  increased  from  1.02  to  1.5«  This  extreme 
sensitivity  to  frequency  is  probably  due  to  the feet  that  the  reactive 
tuning  elements  were  not  placed  at  the  junction  proper,  and  that  these 
elements  are  themselves  frequency  sensitive.  Thus  a tee  aligned  and 
matched  by  use  of  slide-screw  tuners  is  suitable  for  use  as  an  impedance 
bridge  for  only  a small  frequency  band-width.  Furthur  investigation  may 
lead  to  the  devising  of  tuni.ng  techniques  which  would  enable  the  use  of 
such  a tee  at  more  than  a narrow  frequency  band  width.  A report  on  this 
stueJy  is  being  prepared. 


A.  M.  Serang 
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9.U  Loaded  THilp  Antenna 

Smnmary  of  Previcus  Work 

This  is  a design  and  perforaance  study  of  a 2-30  me  -whip  antenna 
iri-th  a high-efficiency,  variable  inductance  as  the  loading  element.  This 
specially-designed  element  can  be  placed  at  any  desired  position  on  the 
whip,  and  can  be  tuned  either  manually  or  automatically,  from  a frequency 
control  unit  at  the  base  of  the  antenna.  In  order  that data  might  be  ob- 
tained on  mutual  coupling  characteristics,  two  such  antennas  have  been 
designed  and  built. 

Current  Work 

Tests  were  conducted  at  the  Navy  Electronics  Laboratory  at  San  Diego 
to  obtain  base  in^sedance  and  radiation  characteristics.  The  antennas  were 
found  to  tune  to  odd  multiples  of  a quarter  wave  length  over  the  band  of 
2-30  mcs.  In5)edance  data,  as  a function  of  frequency  about  n?sonance 
for  a given  setting  of  the  variable  inductor,  were  also  compiled  for  various 
resonant  frequencies.  The  Q's  of  the  antennas  were  measured  at  2 me.  by 
a frequency  deviation  method.  The  expression  is 


in  which 


^n  ijh. 

TT  ■ 


is  the  quarter  or  three-quarter  wave 
resonance  frequency  depending  on  the 
value  of  loading  coil  inductance  (i.e.,  n = lO) 


A f = difference  between  the  two  half-porrer  input 
frequencies  as  determined  by  impedance 
measurements • 


These  Q's  were  found  to  be  in  the  neighborhood  of  uOO  at  2 me,  thus  in- 
dicating promise  in  off -frequency  signal  rejection  when  the  antenna  is 
used  in  receiving  applications. 

An  attempt  was  made  to  measure  vertical  radiation  patterns,  but  with- 
out success.  This  was  due  largely  to  the  small  size  of  the  available 
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ground  plane  and  limited  vertical  pattern  measuring  facilities.  The  "small 
size"  is  inferred  by  bhe  fact  that  to  exclude  near  zone  field  effects  from 
the  measurements,  one  would  have  to  be  6 to  10  wavelengths  from  the  antenna 
under  test — ^which  would  mean  a separation  of  at  least  a half-mile  at  the  low- 
est frequency  involved.  The  difficulties  in  obtaining  vertical  pattern 
measurements  are  obvious. 

The  antennas  exhibited  excellent  power  feeding  characteristics,  a 
vcltage  of  only  170  volts  being  required  to  feed  100  watts  at  2 me  into  the 
base  of  the  antenna  from  a 50  ohm  source,  whereas  approximately  11,000  volts 
would  be  required  to  feed  100  watts  into  an  unloaded  vertical  antenna  of 
the  same  height  under  the  same  conditions. 

An  attempt  to  measure  the  radiated  power  is  planned  by  the  method  of 
calculating  the  vertical  field  pattern,  obtaining  absolute  field  strength 
measurements  along  the  ground  plane  under  satisfactory  conditions,  and  then 
determini..g  the  pemer  radiated  by  the  Poynt^ng  Vector  graphical  method. 

The  input  power  may  be  easily  meastired  and  thus  yield  the  efficiency  of  the 
antenna. 

J.  Bo  Humfeld 


X.  ADMmiSTRATION 
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